We study, in some detail, the linear stability of closed timelike curves in the Gödel universe. We show that these curves are stable. We present a simple extension (deformation) of the Gödel metric that contains a class of closed timelike curves similar to the ones associated to the original metric. This extension correspond to the addition of matter whose energy-momentum tensor is analyzed. We find the conditions to have matter that satisfies the usual energy conditions. We study the stability of closed timelike curves in the presence of usual matter as well as in the presence of exotic matter (matter that does satisfy the above mentioned conditions). We find that the closed timelike curves in the Gödel universe with or without the inclusion of regular or exotic matter are stable under linear perturbations. We also find a sort of structural stability.
Introduction
The Gödel universe, a spacetime in which the matter takes the form of a pressure-free perfect fluid with a negative cosmological constant, is the most celebrated solution of Einstein field equations that contains closed timelike curves (CTCs). This spacetime has a five-dimensional group of isometries which is transitive. The matter everywhere The Gödel metric has some qualitative features like the projections of geodesics onto the 2-surface (r, φ) being simple closed curves. This property can be extended to a set of metrics called Gödel-type. It is possible to show explicitly that when the characteristic vector field that defines a Gödel-type metric is also a Killing vector we have closed timelike or null curves [4] . The study of the geodesic motion of free test particles in these Gödel-type spacetimes can be extended to a family of homogeneous Gödel-type spacetimes [5] . Gürses et al. [6] introduce and used Gödel-types metrics to find charged dust solutions to the Einstein field equations in D dimensions. In the Gödel spacetime timelike geodesics are not closed as was independently proved by Kunt [7] and Chandrashekhar and Wrigth [8] . However there exist timelike curves subject to an external force that are closed.
Exact solutions of Einstein-Maxwell equations that contain CTCs at least for some values of the parameters are studied in [9] . It turns out that magnetic fields can give rise to non-trivial chronology violations. A sufficiently large magnetic field can always ensure chronology violation. The spacetime of an infinite rotating cylindrical shell of charged perfect fluid contains CTCs [10] . For the conditions for the existence of CTCs in the spacetime associated to a rigidly rotating cylinder of charged dust see Ivanov [11] . In spacetimes with conic singularities that represent cosmic strings we can have CTCs for one spinning string [12] and for two parallel moving strings [13] .
The stability of Gödel's cosmological model with respect to scalar, vector, and tensor perturbation modes using a gauge covariant formalism is considered in [14] . It is found that the background vortical energy contributes to the gravitational pull of matter, while gradients add to the pressure support. The balance between these two agents effectively determines the stability of Gödel universe against matter aggregations.
The possibility to have no violation of causality for geodesics that in finite intervals of time goes back in time (dt/ds < 0) was considered by [15] . As it was already mentioned, the existence of CTCs contradicts the usual notion of causality. Beyond the usual paradoxes, it seems to induce physical impossibilities, like the necessity to work with negative energy densities. One could speculate that these impossibilities will be eliminated by quantum-gravitational effects. All our experience seems to indicate that the physical laws do not allow the appearance of CTCs. This is that, essentially, says the chronology protection conjecture (CPC) proposed by Hawking [16] .
Other possible explanation for CTCs is that the metrics studied until now are unrealistic [17] . But, there exists an exact, asymptotically flat solution of vacuum Einstein equations which contains CTCs that can represent the exterior of a spinning rod of finite length [18] .
The existence of CTCs, in principle, should be a matter of experimentation. If the General Relativity predicts them in a physically reasonable situation and they are not found, we will have that this theory is in trouble. If they are found we will have a bigger problem, our usual notion of causality will need a deep revision.
The possibility that a spacetime associated to a realistic model of matter may contain CTCs leads us to ask how permanent is the existence of these curves. Perhaps, one may rule out the CTCs by simple considerations about their linear stability. Otherwise,
